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(54) Estimate of reformate composition 

(57) A system (1 0) and method for modeling a refor- 
mate composition in an electric power system (1 0). The 
electric power system (10) may include a reformer, 
which produces a reformate (102), and an electrochem- 
ical cell, which utilizes the reformate (102) to generate 
electricity. The system (1 0) and method, comprise: a re- 
former temperature sensor, which generates a reformer 
temperature signal representative of a reformer temper- 



ature; an airflow sensor, which generates an airflow sig- 
nal (1 22) representative of a measured airflow to the re- 
former; and a controller (30) configured to receive the 
abovementioned signals. The controller (30) performs 
the modeling and generates an estimate of the refor- 
mate (102) composition, where the estimate is respon- 
sive to at least one of the reformer temperature signal, 
the fuel flow signal (120), and the airflow signal (122). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Referring now to the accompanying drawings, 
which are meant to be exemplary not limiting, and 
wherein like elements are numbered alike in the several s 
figures. 

[0013] Figure 1 is a simplified block diagram depicting 
a typical reformer and SOFC system of an auxiliary pow- 
er unit. 

[001 4] Figure 2 depicts an embodiment with a reform- io 
er and SOFC system employing dynamic pressure con- 
trols. 

[0015] Figure 3 is a high level block diagram depicting 
the reformer - SOFC model and system; and 
[001 6] Figure 4 depicts a block diagram of the reform- is 
er model. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 7] Different types of SOFC systems exist, includ- 20 
ing tubular or planar systems. These various systems 
employ a variety of different cell configurations. There- 
fore, reference to a particular cell configuration and 
components for use within a particular cell configuration 
are intended to also represent similar components in 25 
other cell configurations where applicable. 
[001 8] FIG. 1 depicts a portion of a typical power sys- 
tem 1 0 employing a combined SOFC/WER 50 and a re- 
former 20. The combined SOFC/WER 50 includes, but 
is not limited to, a SOFC 52, a WER 54 the necessary 30 
interfaces to the control valve 40, external interfaces for 
input and exhaust, and sensor interfaces. In addition, 
throughout this document references to electrochemical 
cell, fuel cell, and solid oxide fuel cell are intended to 
represent the same entity and hereafter are termed 35 
SOFC 52. Fuel is supplied to the reformer 20, and proc- 
essed resulting in a reformate 102, which is supplied to 
the SOFC 52. The reformate 102 is typically metered 
and controlled via a fixed orifice or valve 40, which di- 
rects the flow of the reformate 102 to the SOFC 52 or 40 
the WER 54. Generally, power systems 10 may com- 
prise at least one SOFC 52, a WER 54, an engine, and 
one or more heat exchangers. In addition, a power sys- 
tem 10 may include one or more compressors, an ex- 
haust turbine, a catalytic converter, preheating device, 45 
an electrical source (e.g., battery, capacitor, motor/gen- 
erator, or turbine), and conventional connections, wir- 
ing, control valves, and a multiplicity of electrical loads, 
including, but not limited to, lights, resistive heaters, 
blowers, air conditioning compressors, starter motors, so 
traction motors, computer systems, radio/stereo sys- 
tems, and a multiplicity of sensors and actuators, and 
the like, as well as conventional components. In addi- 
tion, the SOFC 52 may also be electrically connected 
with other SOFC's or electrochemical cells. ss 
[0019] To facilitate the production of electricity by the 
SOFC, a direct supply of simple fuel, e.g., hydrogen, 
carbon monoxide, and/or methane is preferred. Howev- 
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er, concentrated supplies of these fuels are generally 
expensive and difficult to store and supply. Therefore, 
the fuel utilized may be obtained by processing of a 
more complex fuel. The actual fuel utilized in the system 
is typically chosen based upon the application , expense, 
availability, and environmental issues relating to a par- 
ticular fuel. Possible fuels may include conventional fu- 
els such as hydrocarbon fuels, including, but not limited 
to, conventional liquid fuels, such as gasoline, diesel, 
ethanol, methanol, kerosene, and others; conventional 
gaseous fuels, such as natural gas, propane, butane, 
and others; and alternative or "new" fuels, such as hy- 
drogen, biofuels, dimethyl ether, and others; as well as 
combinations comprising at least one of the foregojng 
fuels. The preferred fuel is typically based upon the type 
of engine employed, with lighter fuels, i.e., those which 
can be more readily vaporized and/or conventional fuels 
which are readily available to consumers, generally pre- 
ferred. 

[0020] Furthermore, the fuel for the SOFC 52 or WER 
54 may be processed in a reformer 20. A reformer 20 
generally converts one type of fuel to another, more 
compatible with the SOFC 52 (e.g., hydrogen). Mainly, 
two types of reformertechnologies are employed; steam 
reformers, which employ exothermic reaction, and par- * 
tial oxidation reformers, which employ an endothermic * 
reaction. Steam reformer technology is generally em- 
ployed for converting methanol to hydrogen. Partial ox- 
idation reformers are generally employed for converting 
gasoline to hydrogen. Typical design and utilization con- 
siderations for the reformers include rapid start, dynam- 
ic response time, fuel conversion efficiency, size, and 
weight. 

[0021] The SOFC 50 and WER 54 may be used in 
conjunction with an engine, for example, to produce 
tractive power for a vehicle. Within the engine, SOFC 
effluent, air, and/or fuel are burned to produce energy, 
while the remainder of unbumed fuel and reformed fuel 
is used as fuel in the^SOFC 52 or WER 54. The engine 
may be any conventional combustion engine including, 
but not limited to, internal combustion engines such as 
spark ignited and compression ignited engines, includ- 
ing, but not limited to, variable compression engines. 
[0022] FIG. 2 depicts a block diagram of an embodi- 
ment as interposed in a power system 1 0. As stated ear- 
lier reformer 20 processes fuel generating a reformate 
1 02. The reformate 1 02 flows to the SOFC 52 or WER 
54 via a valve 40. The valve 40 is configured to receive 
a command from the controller 30 to direct the flow of 
reformate 102 to either the SOFC 52 or the WER 54, 
[0023] In order to perform the prescribed functions 
and desired processing, as well as the computations 
therefore (e.g., the execution of pressure control algo- 
rithm^), and the like), controller 30 may include, but not 
be limited to, a processors), computer(s), memory, stor- 
age, register(s), timing, interrupt(s), communication in- 
terfaces, and input/output signal interfaces, as well as 
combinations comprising at least one of the foregoing. 
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table is an expected reformate concentration, which pro- 
vides the initial estimate of the reformate composition 
desired from the model. The multidimensional look-up 
table 230 is indexed by both the estimated reformer bed 
temperature and the calculated equivalence ratio (lamb- 
da) to generate the expected reformate concentration. 
For example, the expected percentage of hydrogen 
present in the reformate. The look up table resultant may 
then be adjusted as needed based upon reformer and 
system parameters to compensate for a broader range 
of operational characteristics. 

[0029] Continuing with FIG. 4, at scheduling process 
240 of the reformer model 200, the lookup table result- 
ant is scheduled as a function of the reformer inlet tem- 
perature 1 24 and the fuel flow yielding a compensated 
estimate of the reformate concentration . The scheduling 
as a function of temperature addresses the considera- 
tion that the formation of air/fuel vapor and the homoge- 
neity of the mixture may vary as a function of tempera- 
ture and therefore, may, adversely affect the perform- 
ance of the reformer 20. Likewise, fuel flow is also con- 
sidered because as the fuel flow changes, the formation 
of the homogeneous mixture may be affected. There- 
fore, the scheduling of the estimated reformate concen- 
tration, while not necessary, enhances the performance 
of the reformer 20 over a wider variety of operational 
conditions. For example, where system operational re- 
quirements dictate the operation of the reformer 20 un- 
der less than ideal conditions such as low flow of the 
reformate. It will be further appreciated that such sched- 
uling need lot be limited to the two parameters dis- 
closed. It may be possible to schedule as a function of 
various system parameters including airflow, additional 
temperatures, other system parameters, and the like, as 
well as combinations thereof. 

[0030] It will be appreciated that while the disclosed 
embodiments refer in several instances, to a configura- 
tion utilizing look-up tables in implementation, such a 
reference is illustrative only and not limiting. Various al- 
ternatives will be apparent to those skilled in the art. For 
example, the processes described above could employ, 
in addition to or in lieu of look-up tables, direct algo- 
rithms, gain or parameter scheduling, linearized inter- 
polation or extrapolation, and/or various other method- 
ologies, which may facilitate execution of the desired 
functions. 

[0031] Another process depicted in FIG. 4 is the trim- 
ming of the compensated estimate of the reformate con- 
centration generated at 240. The trimming process 260 
schedules the estimate of reformate concentration as a 
function of the reformer exothermic reaction. In this in- 
stance, the trimming accounts for performance degra- 
dation of the reformer 20 over its operational life. The 
trim adjustment may typically be based upon the thermal 
response of the reformer to the reformate flow rate and 
equivalence ratio. For example, for a known fuel rate 
and equivalence ratio, an expected temperature change 
may be determined. Over time, a degradation of the re- 



former catalyst will result in a change in this exothermic 
reaction, which may be ascertained, and compensated 
for in the model. 

[0032] The final process depicted in FIG. 4 is the op- 
5 tional calibration of the compensated estimate of the 
reformate concentration at 250. The calibration process 
250 once again adjusts the estimate of reformate con- 
centration. In this instance, the adjustment is applied 
namely during development to compensate the esti- 
10 mate for unmodeled responses and errors. The calibra- 
tion adjustment may typically be based upon inputs from 
a developmental external hydrogen concentration sen- 
sor, and the fuel utilization. 

[0033] The disclosed method may be embodied in the 

15 form of computer-implemented processes and appara- 
tuses for practicing those processes. The method can 
also be embodied in the form of computer program code 
containing instructions embodied in tangible media, 
such as floppy diskettes, CD-ROMs, hard drives, or any 

20 other computer-readable storage medium, wherein, 
when the computer program code is loaded into and ex- 
ecuted by a computer, the computer becomes an appa- 
ratus capable of executing the method. The present 
method can also be embodied in the form of computer 

25 program code, for example, whether stored in a storage ** 
medium, loaded jnto and/or executed by a computer, or ♦ 
as data signal transmitted whether a modulated carrier 
wave or not, over some transmission medium, such as 
over electrical wiring or cabling, through fiber optics, or 

30 via electromagnetic radiation, wherein, when the com- 
puter program code is loaded into and executed by a 
computer, the computer becomes an apparatus capable 
of executing the method. When implemented on a gen- 
eral-purpose microprocessor, the computer program 

35 code segments configure the microprocessor to create 
specific logic circuits. 

[0034] Therefore, the foregoing disclosure provides 
methodologies and systems for estimating the compo- 
sition of reformate generated by a reformer and applied 

40 to an electrochemical cell. The estimation allows for 
elimination of potentially expensive sensors and 
processing for measuring the composition of the refor- 
mate and enhances the existing algorithms or methods 
utilized to control a reformer or electrochemical cell in a 

4 $ power system. The estimation also allows a power sys- 
tem to determine when the reformate quality is adequate 
for delivery to utilizing components (e.g., electrochemi- 
cal cell), especially during transient conditions (e.g., 
startup and shut down). Moreover, the same methodol- 

so pgies may be applied to the evaluation of hot gases de- 
livered to an engine, for example an internal combustion 
engine, which may be coupled to such a power system. 
[0035] While preferred embodiments have been 
shown and described, various modifications and substi- 

55 tutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, it is to be 
understood that the present invention has been de- 
scribed by way of illustration only, and such illustrations 
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said composition is responsive to said expected 
reformate concentration scheduled as a function of 
said reformer temperature signal and said fuel flow 
signal (120), 

5 

23. The method of Claim 1 wherein said estimate of 
said composition is responsive to a calibration ad- 
justment. 

24. A system (10) for estimating reformate (102) com- 10 
position in an electric power system (1 0) compris- 
ing: 

a reformer temperature sensor configured to 
measure a temperature in proximity to a reform- is 
er; 

a fuel flow sensor disposed in a fuel supply to 
said reformer; 

an airflow sensor disposed in an air supply to 
said reformer; 20 
a controller (30) coupled to said reformer tem- 
perature sensor, said fuel flow sensor, and said 
airflow sensor; 

wherein said controller (30) is configured to 25 
receive a reformer temperature signal from said re- 
former temperature sensor, a fuel flow signal (120) 
from said fuel flow sensor, and an airflow signal 
(122) from said airflow sensor; and 

wherein said estimating is responsive to at 30 
least one of said reformer temperature signal, said 
fuel flow signal (1 20), and said airflow signal (1 22). 

25. The system (1 0) of Claim 24 wherein said reformer 
temperature signal is representative of a reformer 35 
outlet temperature signal (126). 

26. The system (10) of Claim 25 wherein said reformer 
temperature signal is representative of a reformer 
inlet temperature signal (1 24). 40 

27. The system (1 0) of Claim 25 wherein said reformer 
temperature signal is representative of a reformer 
zone vicinity temperature signal (128). 

45 

28. The system (10) of Claim 24 wherein said estimat- 
ing is responsive to an estimated reformer bed tem- 
perature. 

29. The system ( 1 0) of Claim 28 wherein said estimated so 
reformer bed temperature is responsive to said re- 
former temperature signal. 

30. The system (1 0) of Claim 29 wherein said reformer 
temperature signal is representative of a reformer 55 
outlet temperature signal (126). 

31. The system (10) of Claim 29 wherein said reformer 



temperature signal is representative of a reformer 
inlet temperature signal (124). 

32. The system (10) of Claim 29 wherein said reformer 
temperature signal is representative of a reformer 
zone vicinity temperature signal (128). 

33. The system (10) of Claim 29 wherein said reformer 
temperature signal is representative of a combina- 
tion of said reformer outlet temperature signal 
(126), said reformer inlet temperature signal (124), 
and said reformer zone vicinity temperature signal 
(128). 

34. The system (1 0) of Claim 24 wherein said estimat- 
ing is responsive to a calculated equivalence ratio. 

35. The system (1 0) of Claim 34 wherein said calculat- 
ed equivalence ratio is responsive to a combination 
of said fuel flow signal (120), said airflow signal 
(122), and a stoichiometry factor (130). 

36. The system (10) of Claim 24 wherein said estimat- 
ing is responsive to an expected reformate concen- 
tration generated by a multidimensional lookup ta- 
ble (230) indexed by an estimated reformer bed 
temperature and a calculated equivalence ratio. 

37. The system (1 0) of Claim 24 wherein said estimat- 
ing is responsive to an expected reformate concen- 
tration scheduled as a function of an inlet tempera- 
ture signal (124) and said fuel flow signal (120). 

38. The system (1 0) of Claim 37 wherein said expected 
reformate concentration is scheduled to compen- 
sate for adverse effects on reformer (20) perform- 
ance and enhance reformer (20) performance. 

39. The system (10)~of Claim 24 wherein said estimat- 
ing is responsive to a trim adjustment to compen- 
sate for reformer (20) degradation. 

40. The system (10) of Claim 39 wherein said trim ad- 
justment comprises scaling said estimate of said 
composition based upon a scale factor responsive 
to a thermal response of said reformer (20) to a flow 
rate of said reformate (1 02) and an equivalence ra- 
tio. 

41 . The system (1 0) of Claim 25 wherein said estimat- 
ing is responsive to an estimated reformer bed tem- 
perature. 

42. The system (10) of Claim 41 wherein said estimat- 
ing is responsive to a calculated equivalence ratio. 

43. The system (10) of Claim 42 wherein said calculat- 
ed equivalence ratio is responsive to a combination 
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ed equivalence ratio. 

64. The computer data signal of Claim 57 wherein said 
estimate of said composition is responsive to an ex- 
pected reformate concentration scheduled as a 5 
function of a reformer inlet temperature signal (124) 
and said fuel flow signal (120). 

65. The computer data signal of Claim 57 wherein said 
estimate of said composition is responsive to a trim w 
adjustment to compensate for reformer degrada- 
tion. 

66. The computer data signal of Claim 58 wherein said 
estimate of said composition is responsive to an es- 15 
timated reformer bed temperature. 
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(54) Estimate of reformate composition 



(57) A system (1 0) and method for modeling a refor- 
mate composition in an electric power system (10). The 
electric power system (10) may include a reformer, 
which produces a reformate (102), and an electrochem- 
ical cell, which utilizes the reformate (102) to generate 
electricity. The system (10) and method, comprise: a re- 
former temperature sensor, which generates a reformer 
temperature signal representative of a reformer temper- 



ature; an airflow sensor, which generates an airflow sig- 
nal (1 22) representative of a measured airflow to the re- 
former; and a controller (30) configured to receive the 
abovementioned signals. The controller (30) performs 
the modeling and generates an estimate of the refor- 
mate (102) composition, where the estimate is respon- 
sive to at least one of the reformer temperature signal, 
the fuel flow signal (120), and the airflow signal (122). 
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